Degree of orientations of collagen fibers and bone apatite crystals in rat femora by infrared dichroism imaging.
The degree of orientations of collagen fibers and bone apatite crystals affects bone strength. We demonstrated that collagen fibers were aligned along the long axis of bone and that the degree of collagen fiber orientation changed with aging using infrared (IR) dichroism imaging. In this study, we developed a technique for evaluating bone apatite crystal orientation using IR dichroism imaging to investigate the relationships between collagen fiber and bone apatite crystal orientations. Femora were harvested from male Sprague Dawley rats of different ages (6, 12, and 33 weeks); they were then embedded in poly (methyl methacrylate) and sectioned with a microtome into 3-μm longitudinal sections. The angle-dependent Fourier transform infrared (FTIR) spectra for sections were collected using FTIR imaging, and collagen fiber and bone apatite crystal orientations in the sections were assessed using IR dichroism imaging. Collagen fibers and poorly crystalline apatite in the femoral cortical bone were longitudinally aligned; however, the stoichiometric hydroxyapatite crystal and all of the bone apatite were not aligned. The degree of poorly crystalline apatite orientation was higher in 33-week-old rats than in 6-week-old rats. Poorly crystalline apatite in the rat femoral cortical bone was aligned along the collagen fibers. The degree of poorly crystalline apatite orientation and collagen fiber orientation in the femoral cortical bone increased until at least 33 weeks; meanwhile, on aging, the stoichiometric hydroxyapatite crystal was not longitudinally aligned.